A collection of spectral energy distributions (SEDs) is available in the Hubble Space Telescope (HST) CALSPEC database that is based on calculated model atmospheres for pure hydrogen white dwarfs (WDs). A much larger set (∼100,000) of UV SEDs covering the range (1150-3350Å) with somewhat lower quality are available in the IUE database. IUE low-dispersion flux distributions are compared with CALSPEC to provide a correction that places IUE fluxes on the CALSPEC scale. While IUE observations are repeatable to only 4-10% in regions of good sensitivity, the average flux corrections have a precision of 2-3%. Our re-calibration places the IUE flux scale on the current UV reference standard and is relevant for any project based on IUE archival data, including our planned comparison of GALEX to the corrected IUE fluxes. IUE SEDs may be used to plan observations and cross-calibrate data from future missions, so the IUE flux calibration must be consistent with HST instrumental calibrations to the best possible precision.
Introduction
Flux values in physical units for astronomical objects are required to make comparisons to physical models, for example measuring relative fluxes of redshifted supernovae Ia's and, thus, in determining the nature of the dark energy that is driving the observed accelerating cosmic expansion (Scolnic et al. 2014) . A good set of primary and secondary absolute flux standards is in the CALSPEC 1 archive, where the flux calibration relies on pure hydrogen white dwarf (WD) models for G191B2B, GD153, and GD71 to calibrate HST/STIS spectrophotometry and to establish UV/optical/near-IR flux standards (Bohlin 2014 ).
The IUE spacecraft was launched 1978 January 26 and was sensitive in each of two UV channels that cover the far-UV (FUV, 1150 and the near-UV (NUV,1850-3350Å) (Boggess et al. 1978) . Each spectroscopic channel had a low-resolution and an echelle high-resolution mode with a prime and a redundant camera for each channel, i.e. SWP and SWR in the FUV and LWP and LWR in the NUV. Because of better photometric repeatability and higher sensitivity, the low dispersion modes of SWP, LWP, and LWR with resolution R∼6Å are of interest here. The shortwavelength redundant camera SWR was not used for many science observations. Each camera could obtain spectra with either a large aperture (L) of ∼10x20 ′′ or a small aperture (S) of ∼3 ′′ diameter. The L-aperture data are photometrically repeatable, while the S-aperture transmits 20-70% of the incident light but does provide useful spectral energy distributions (SEDs) when normalized to the L-aperture.
The IUE database represents a homogenous collection of 105,584 spectra, 56227 in the ShortWavelegth (SW) range (1150-2000Å) and 49357 in the Long Wavelength (LW, 1850−3350Å) 2 . Although surpassed in quality by UV spectral data from HST instruments such as FOS, HRS, and STIS (Bohlin et al. 2001) , the IUE spectral collections remain a frequently used resource with extensive sets of spectroscopic UV extinction curves and the first reference atlases of UV spectra of stars (Wu et al. 1996) and galaxies (Kinney et al. 1996) . One of our projects (in preparation) exploits the IUE database to revisit the calibration of the GALEX spectra by comparing the overlapping target sample. GALEX spectra have a similar wavelength range, ∼1350-2830Å, and slightly lower resolution and S/N than the IUE low-dispersion modes. However, the GALEX spectral database constitutes a fainter UV spectral collection than the IUE set. Because the IUE faint limits are close to the GALEX bright flux safety limits, there is a small overlap of the two datasets, which can be used to place the two benchmark spectral collections onto a consistent flux scale.
Section 2 compares the HST/STIS UV spectrophotometry to the set of stars in common with IUE to establish the corrections needed to bring IUE fluxes onto the CALSPEC scale and to estimate the precision of IUE. Section 3 describes the problematic cases, while Section 4 details the electronic access to our results. In preparation are companion papers that compare CALSPEC and IUE SEDs with a set of matched GALEX spectral SEDs and that present the entire database of GALEX grism flux distributions.
Comparision of IUE and CALSPEC
The IUE data analyzed here are extracted from the Mikulski Archive for Space Telescopes (MAST) 3 . This Archive contains both the original IUE data products from the IUESIPS processing system (Bohlin 1996) and from the NEWSIPS uniform re-processing of the entire archive (Nichols & Linsky 1996) . The NEWSIPS version provides a somewhat more photometric product in most cases and uses the optimal extraction algorithm of Kinney et al. (1991) . Unless otherwise explicitly stated, all discussion of IUE data refers to the *.MXLO files of NEWSIPS SEDs.
Six WD stars with multiple IUE spectra and with complete CALSPEC UV coverage of the IUE spectral range of 1150-3350Å are selected for comparison with their NEWSIPS SEDs, as summarized in Table 1 , where the number of good IUE observations appear in the final columns for each IUE camera. The comparisons of our co-adds of the good, low-resolution IUE data in Table 1 with the tabulated CALSPEC SEDs define corrections to the NEWSIPS flux scale. The models, rather than the observations, are the reference SEDs for the primary flux standards G191B2B, GD153, and GD71 that set the HST/STIS flux scale. As part of the co-adding process, each IUE observation is examined for abnormalities, which includes such problems as an exposure too short to produce reasonable signal-to-noise (S/N), a low or zero signal from a miscentered target acquistion, or solar contamination at the longest wavelengths that happened occasionally near the end of the mission. There are three such problem cases for G191B2B (SWP: 15727, 48543, 55661) and six for HZ21 (SWP: 21845, 21846, 21847, LWP: 02465, 02466, 02472) , where these bad observations are not included in the Table 1 counts. The data points that are flagged as bad data quality, such as saturation and reseau marks, are omitted, while the remaining good data points are averaged using the exposure times as weights. The reseau and saturation flagging is somewhat inadequate, so the flags are expanded by one point in each direction. At wavelengths where there are no remaining valid points in the individual co-adds, the assumed flux is a linear interpolation across the gap. Fig. 1.-Average ratio for the IUE SWP camera of CALSPEC/NEWSIPS fluxes at the bottom and residual ratios for each star, i.e. the residuals show the difference between the correction derived for each star and the average correction ratio. IUE NEWSIPS fluxes should be multiplied by the average corrections of Table 2 to be on the HST/CALSPEC scale. The average and percent rms deviation of the residuals are written for each star for the range of 1300-1900Å. SWP range of 1300-1900Å and 2100-3000Å for LWP and LWR. Table 2 contains the final global average of corrections from the six stars, where the regions omitted from these averages are indicated on the plots. The faintest star HZ21 with only four noisy spectra is omitted entirely from the LWR co-add. For the well observed stars, i.e. those with seven or more observations, the separate comparisons with CALSPEC tend to agree fairly well. However, HZ43 is omitted from the SWP average, because the CALSPEC SED uses the slightly less precise FOS data below 1700Å. The global results in Table 2 are extended by one point at each endpoint by the same endpoint bin-value in order to achieve complete wavelength coverage. Figure 1 shows the best case of SWP, where all six stars are well observed, and all six residuals agree within an uncertainty of ∼2% in the region of higher sensitivity at 1300-1900Å. Near Ly-α, the spectra of stars fainter than G191B2B are badly contaminated by geo-coronal Ly-α emission, so the correction near Ly-α is defined by just the one star. Shortward of Ly-α, the IUE sensitivity is poor. The omitted anomalous regions for GRW+70 • 5824 and HZ21 are discussed in the next section.
For LWP in the region of higher sensitivity at 2100-3000Å, five stars are well-observed, and only the faintest star HZ21 has residuals bigger than 4% in Figure 2 . A few GD71 residuals approach 4%; but for the most part, the brighter stars with the best S/N agree better than our conservative estimate of 3% accuracy for the LWP correction. See the next section for a discussion of the anomalous short wavelength region of the GRW+70 • 5824 spectrum.
For LWR, the data are sparse and only HZ43 with seven co-added spectra provides a worthwhile comparison to G191B2B. Figure 3 shows residuals for HZ43 of less than 3% at 2100-3000Å, which is our estimate for the precision of the LWR correction in Table 2. For individual IUE spectra, the repeatability is a function of the exposure level and the background noise, both of which vary with wavelength. The background increases with exposure time and depends on environmental variables, such as the trapped particle flux in the Van Allen radiation belts. However, the rms scatter among the co-added spectra provides a measure of the precision of a typical IUE observation. Figure 4 shows the rms scatter among the G191B2B observations of Table 1 as the solid lines. The SWP repeatability ranges mostly from 4-7%, except at Ly-α and below. The extra scatter at line-center is due to the variability of the contaminating geo-coronal Ly-α emission. LWP repeats best at ∼6% from 2600 to 3000Å with a loss of precision both shortward and longward. LWR repeats at 8-10% shortward of ∼3000Å and loses precision even faster than LWP toward longer wavelengths. For our faintest star, HZ21, Figure 5 shows a moderate degradation of precision, where the biggest deviation from the G191B2B results approach a factor of two worse at the shorter wavelengths of LWR; however, there are only four spectra that define the LWR result. The NEWSIPS data files contain estimates for the flux uncertainty, which is propagated to an error-in-the-mean in our co-added and merged files. The IUE NEWSIPS error estimate (sigma) is based on the noise model in the optimal extraction algorithm. The noise model was developed before 1991 and might not be a good representation Note. - Table 2 is published in its entirety in the machine-readable format. Fig. 4 .-Precision of a typical IUE spectrum of G191B2B for each camera, as measured by the rms scatter among the co-added spectra (solid line). The dotted lines are the expected rms scatter as computed from the uncertainty in the flux that is provided in each IUE archival file. These results are for each sample point and would improve with broad band binning. for later observations. Undoubtedly, there are sources of error in addition to the noise model. The dotted lines in Figures 4-5 are the error-in-the-mean multiplied by the square root of the number of IUE spectra in the co-adds to compare with the solid-line rms scatter. The two uncertainty estimates agree fairly well but with a tendency for the observed rms to be higher, especially for SWP.
Anomalies

H21 1640Å He II
Apparently, the strong, broad He II line at 1640.5Å in HZ21 has changed, as illustrated in Figure 6 . The 17 IUE spectra all agree within the expectations of Figure 5 and were obtained in the 1978 April-1987 March epoch, while the CALSPEC/STIS data are from 1997 May. The discrepant region from 1550-1680Å is excluded from the average correction factors. The IUE and STIS disagree by up to ∼20% near the 1640.5Å line center.
GRW+70 • 5824
Both SWP and LWP show discrepancies with CALSPEC/STIS at the shorter wavelengths, as shown in Figure 7 . The IUE SWP flux is systematically high in the 1250-1500Å region by up to ∼5%, while LWP is noisy but is in even worse agreement with STIS below 2500Å. However, the single LWR IUE observation shows no discrepancy. An astrophysical cause of the SWP and LWP anomalies is hard to imagine in terms of plausible stellar variability.
The STIS data for GRW+70 • 5824 are from the sensitivity monitoring program with ∼90 separate STIS observations and constitute one of the most precise CALSPEC SEDs. Thus, the anomalous fluxes ratios in the insets of Figure 7 are most likely due to IUE instrumental problems. The LWP flux below 2500Å shows excess noise, suggesting weak exposure levels in comparison to the background level; and the increasing error toward shorter wavelengths is a signature of a slightly low background subtraction that has a larger effect as the signal drops toward shorter wavelengths. Indeed, the typical background rate per second is more than double that of GD153, while the stellar fluxes are comparable. At 2100Å, the GRW+70 • 5824 flux that is 6% too high could be caused by only a ∼20% underestimate of the higher than normal background signal.
The anomalous SWP flux for GRW+70 • 5824 is the worst at 1300-1350Å near the peak of the SWP sensitivity, but our average flux is determined by unsaturated exposures where the background has little effect on the peak net signal. Perhaps, the ∼5% flux errors are just a 2.5 sigma anomaly, or maybe our 2% uncertainty for the SWP correction is a bit too optimistic. The original IUESIPS fluxes agree with the NEWSIPS averages shown in Figure 7 . 
Electronically Available Results
The co-added and merged IUE spectra for the six stars of Table 1 and the Table 2 NEWSIPS correction factors are available in the on-line version of this paper and also appear in MAST as High-Level Science Products (HLSP) 4 . The merged ascii files combine all useful datasets as described in Section 2 and cross from SWP to the long wavelength (LW) cameras at 1975Å. These merged files contain eight columns: (1) wavelength inÅ, (2) the average net signal in linearized IUE Flux Number (FN) units per second, (3) the average flux in erg cm −2 s −1Å−1 , (4) the background signal in the same units as the net, (5) the formal propagated uncertainty as the error-in-the-mean in flux units, (6) the number of observations averaged, (7) the total exposure time in seconds, and (8) the rms scatter among the observations in percent. As our planned papers appear, more combined IUE spectra of matched sources having GALEX spectra and the whole collection of GALEX spectra (over 100,000) will also be electronically available. A complete summary of our work along with the machine readable files also appears on our website 5 .
The DOI for the individual IUE spectra from Table 1 is https://dx.doi.org/10.17909/T94M4K, while the DOI for the Tables 2-8 is https://dx.doi.org/10.17909/T9QD6J.
Summary
Our comparison of IUE NEWSIPS UV data to the HST-based absolute flux standards in CALSPEC produces a correction factor for the IUE flux scale. The corrections are wavelength-dependent and cover the IUE range of sensitivity from 1150 to 3350Å. The correction of IUE to CALSPEC ranges from factors of 1.01-1.16. IUE-NEWSIPS *.MXLO fluxes should be multiplied by the Table 2 correction factors to be on the HST/CALSPEC flux scale. This new correction will allow more accurate photometric calibration of existing UV datasets, such as GALEX through a comparison with corrected IUE NEWSIPS fluxes, as well as providing critical support for calibration and observation planning of future space missions.
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